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NUMERICAL HYDRODYNAMIC 
MODEL:CH3D-WES

• Three-dimensional free surface, hydrodynamic model 
(Johnson et al, 1990; Wang and Chapman, 1995)

• Non-orthogonal boundary fitted coordinates

• finite difference scheme

• Computing information
– Total of  16309  active grid cells with 3758  being surface cells
– Horizontal resolution: 0.2 km lateral and 0.4 km longitudinal
– Time step 3  minutes: perform in Dec-alpha; 18 hour cpu for 365 

days              



Approach

Hydrodynamic input:Hydrodynamic input:

Salinity, Temperature, Tidal Salinity, Temperature, Tidal 
elevation, Initial condition, elevation, Initial condition, 
Boundary conditionBoundary condition

Outputs:Outputs:

3D3D--velocity, tidal elevation,velocity, tidal elevation,
salinity, temperature                                      salinity, temperature                                      
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Surface layer circulation



Middle layer circulation



Bottom layer circulation



CH3D-SED basic features

• Three sediment classes (3.5, 15, 65 µm)

• Concentration dependent settling velocity
(Arithurai and Krone, 1976)

• Depth dependent erosion formulae in Baltimore Harbor
(Sanford and Maa, 2001; Lin et al., 2003)
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Active soil layer
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soil layer
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CE-QUAL-ICM/TOXI

Toxic Model

ICM transport module

WASP Toxic Module
(kinetics)

CH3D-SED Model
• Transport field
• TSS Conc.
• Sediment fluxes
• Salinity
• Temperature

Watershed Model
(SWMM)

Industrial Load 

non-point source

point source

Bed Model

+

+



Erosion
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Deposition (cont.) 
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Point Source (Monthly Loadings)

DMT



Open Boundary

Calculated by advection

Assigned by ambient Conc. 

Boundary Condition

0.3Cr

3.5Zn

0.3Pb

Ambient 
Conc.
(ug/l)

(Baker et al. 2003)
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Pb Baseline Model Run (10-year)

-- using loading sources in 2000
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Pb non-point source loadings
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Pb point source loadings

*    Mean values used for Millennium-Hawkins and Beth-Steel
**  included only in scenario model runs  

Total: 1229.2 kg
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Open Boundary

Calculated by advection

Assigned by ambient Conc. (0.3 ug/l)

Pb Boundary Condition



Pb Water Column Concentration



Pb Sediment Concentration (time series)
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Pb Sediment Concentration (time series)
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Pb Sediment Concentration (spatial distribution)

Initial Condition             After 10 Year



Pb Sediment Concentration Changes in Baseline Model Run
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Zn Baseline Model Run (10-year)

-- using loading sources in 2000
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Zn non-point source Loadings
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Zn point source Loadings

*   Mean values used for Millennium-Hawkins and Beth-Steel 014A
** Included only for scenario model runs Total: 11672.3 kg
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Open Boundary

Calculated by advection

Assigned by ambient Conc. (3.5 ug/l)

Zn Boundary Condition



Zn Water Column Concentration



Zn Sediment Concentration (time series)
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Initial Condition             After 10 Year

Zn Sediment Concentration (spatial distribution)



(data from Sinex and Helz, 1982)                          (data from Baker et al., 1997)
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Zn Sediment Concentration Changes in Baseline Model Run
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Cr Baseline Model Run (10-year)

-- using loading sources in 2000
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Cr non-point source Loadings
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Cr point source Loadings

*    Mean value used for Bethlehem Steel
**   Included only for scenario model runs Total: 4532.9 kg
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Open Boundary

Calculated by advection

Assigned by ambient Conc. (0.3 ug/l)

Cr Boundary Condition



Cr Water Column Concentration
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Initial Condition             After 10 Year

Cr Sediment Concentration (spatial distribution)



(data from Sinex and Helz, 1982)
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Cr Sediment Concentration Changes in Baseline Model Run
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Pb sediment concentration
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Zn sediment concentration
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Zn sediment concentration
Inner Harbor
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Cr sediment concentration
Bear Creek
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Sensitivity Test-1: clean sediment (Zn)
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Sensitivity Test-1: clean sediment (Cr)
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Inner Harbor
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• ICM/TOXI was set up to run long-term simulations

• The nonpoint source loading from the SWMM model results was 
incorporated into the model on a daily basis. The point source loading 
was read in monthly.

• Parameters used in the model are based on available field data and 
literature values to best represent real situations in Baltimore Harbor.

• With external loadings of year 2000, Pb, Zn and Cr sediment 
concentrations are generally decreased, indicating that a sediment 
legacy problem exists in the Harbor.  

• Model results indicate that within 10 years, Pb MERMQ will drop to 
below 0.5 for all sub-areas in Baltimore Harbor; Cr MERMQ will be 
below 0.5 in areas except for Bear Creek. Zn MERMQ approach to, but 
still are above, 0.5 (especially Bear Creek) at the end of the 10-year 
simulation.

Summary



• Among external sources, bay sources contribute more to the lower part 
of the Harbor, nonpoint sources are more important to the upper part of 
the Harbor, and point sources have more local effects. 

• For Pb sediment concentration, nonpoint source is generally more 
important; For Cr sediment concentration, point source mainly has 
stronger impact; and for Zn sediment concentration, the relative
importance of various external sources are different in different regions.

• The choice of partition coefficient could impact the rate of recovery 
based on model sensitivity test.

Summary (CONT.)


